MicroSystems, LLC

ACS781xLR

High-Precision Linear Hall-Effect-Based
Current Sensor IC With 200 uQ2 Current Conductor

FEATURES AND BENEFITS

= Core-less, micro-sized, 100 A continuous current package

= Ultra-low power loss: 200 pQ internal conductor
resistance

* Immunity to common-mode field interference

= Greatly improved total output error through digitally
programmed and compensated gain and offset over the full
operating temperature range

= Industry-leading noise performance through proprietary
amplifier and filter design techniques

= Integrated shield greatly reduces capacitive coupling from
current conductor to die due to high dV/dt signals, and
prevents offset drift in high-side, high-voltage applications

= Monolithic Hall IC for high reliability

= 3t0 3.6V, single supply operation

= 120 kHz typical bandwidth

= 3.6 us output rise time in response to step input current

= Output voltage proportional to AC or DC currents

= Factory-trimmed for accuracy

= Extremely stable quiescent output voltage

= AEC-Q100 automotive qualification

PACKAGE:
7-pin PSOF package (suffix LR)

Not to scale

DESCRIPTION

The Allegro ACS781xLR is a fully integrated current sensor
linear IC in a new core-less package designed to sense AC and
DC currents up to 100 A. This automotive-grade, low-profile
(1.5 mm thick) sensor IC package has a very small footprint.
The Hall sensor technology also incorporates common-mode
field rejection to optimize performance in the presence of
interfering magnetic fields generated by nearby current carrying
conductors.

The device consists of a precision, low-offset linear Hall circuit
with a copper conduction path located near the die. Applied
current flowing through this copper conduction path generates
amagnetic field which the Hall IC converts into a proportional
voltage. Device accuracy is optimized through the close
proximity of the primary conductor to the Hall transducer and
factory programming of the sensitivity and quiescent output
voltage at the Allegro factory.

Chopper-stabilized signal path and digital temperature
compensation technology also contribute to the stability of the
device across the operating temperature range.

High-level immunity to current conductor dV/dt and stray
electric fields, offered by Allegro proprietary integrated shield
technology for low-output voltage ripple and low-offset drift
in high-side, high-voltage applications.

The output of the device has a positive slope (>V ¢/ 2) when an
increasing current flows through the primary copper conduction

Continued on the next page...
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Typical Application

Application 1: The ACS781xLR outputs an analog signal, Voyr, that varies linearly with the bidirectional AC or DC primary
current, Ip, within the range specified. Cr is for optimal noise management, with values that depend on the application.
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ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uf2 Current Conductor

DESCRIPTION (CONTINUED)

path (from terminal 5 to terminal 6), which is the path used for
current sampling. The internal resistance of this conductive path is
200 pQ typical, providing low power loss.

The thickness of the copper conductor allows survival of the device
athigh overcurrent conditions. The terminals of the conductive path
are electrically isolated from the signal leads (pins 1 through 4, and

SELECTION GUIDE

7), and allows the device to operate safely with voltages up to 100 V
peak on the primary conductor.

The device is fully calibrated prior to shipment from the factory.
The ACS781xLR family is lead (Pb) free. All leads are plated with
100% matte tin, and there is no Pb inside the package. The heavy
gauge leadframe is made of oxygen-free copper.

Primary Sampled Sensitivity
Part Number Sen;ic::c(;:it;:ent Current, Ip Sens (Typ.) ::,%F; Packing []
(A) (mVIA)
ACS781LLRTR-050B-T Bidirectional +50 26.4
ACS781LLRTR-050U-T Unidirectional 0to 50 39.6
—-40 to 150
ACS781LLRTR-100B-T Bidirectional +100 13.2
ACS781LLRTR-100U-T |  Unidirectional 00 100 26.4 Tape and reel
ACS781KLRTR-150B-T Bidirectional +150 transient 8.8
+100 continuous
_ —40to 125
ACS781KLRTR-150U-T |  Unidirectional Oto 150 transient 176
0 to 100 continuous

[ Contact Allegro for additional packing options.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Notes Rating Unit

Forward Supply Voltage Vee 6 V

Reverse Supply Voltage Vree -0.5 Vv

Forward Output Voltage Vout 25 \

Reverse Output Voltage V®iout -0.5 \Y
Output Source Current lout(sourcey | VOUT to GND 2.8 mA
Output Sink Current louT(sink) Minimum pull-up resistor of 500 Q 10 mA
Nominal Operating Ambient Temperature Top Range K 010125 <
Range L —40 to 150 °C

Maximum Junction T,(max) 165 °C
Storage Temperature Tstg —65 to 165 °C

THERMAL CHARACTERISTICS: May require derating at maximum conditions
Characteristic Symbol Test Conditions [1] Value Unit

Mounted on the Allegro evaluation board ASEK781
85-0807-001 with FR4 substrate and 8 layers of 2 oz.
copper (with an area of 1530 mm2 per layer) connected to
Package Thermal Resistance Roja the primary leadframe and with thermal vias connecting 18 °C/W
the copper layers. Performance is based on current flow-
ing through the primary leadframe and includes the power
consumed by the PCB.

[ Additional thermal information available on the Allegro website

TYPICAL OVERCURRENT CAPABILITIES [2][3]

Characteristic Symbol Notes Rating Unit
Tpa= 25°C, 1sontime, 60 s off time 285 A
Tpo= 85°C, 1sontime, 35 s off time 225 A
Overcurrent Ipoc - -
Tp=125°C, 1 s on time, 30 s off time 170 A
Tp=150°C, 1 s on time, 10 s off time 95 A

[2] Test was done with Allegro evaluation board (85-0807-001). The maximum allowed current is limited by T (max) only.
[B1 For more overcurrent profiles, please see FAQ on the Allegro website, www.allegromicro.com.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uf2 Current Conductor
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Functional Block Diagram

NC Terminal List Table
P+ E 1A zl VOUT Number Name Description
1 VCC Device power supply terminal
[2]GND 2 GND Signal ground terminal
3 VOUT Analog output signal
IP- IE HE [1]vee No connection, connect to GND for optimal
IN7CI 4 NC ESD performance
1P+ Terminal for current being sampled
IP— Terminal for current being sampled
Pinout Diagram 7 NG No connection, connect to GND for optimal

ESD performance

- Allegro MicroSystems, LLC 4
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ACS781xLR

High-Precision Linear Hall-Effect-Based
Current Sensor IC With 200 uQ2 Current Conductor

COMMON OPERATING CHARACTERISTICS: valid at Top = -40°C to 150°C and V¢ = 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Supply Voltage Vee 3 3.3 3.6 \
Supply Current lcc Qutput open - 1 15 mA
Power-On Time tro Ta=25°C, Cgypass = Open, C =1 nF _ 180 - us
T(_T_t_'nperature Compensation tre Caypass = Open, C.= 1 nF _ 50 _ us
ime
Power-On Reset Voltage VeorH Ta= 257, Vo fising — 285 — v
VpoRL Ta=25°C, V¢ falling - 2.6 - \Y
Power-On Reset Hysteresis VpoRHYST - 250 - mV
Power-On Reset Release Time tPORR Ta=25°C, Vc rising - 150 - us
Power-On Reset Disable Time tpoRD To=25°C,C =1nF - 14 - ys
Supply Zener Clamp Voltage V, Tao=25°C, Igc =30 mA 6.5 7.5 - V
Internal Bandwidth BW, Small signal -3 dB, C_ =1 nF, T, =25°C - 120 - kHz
Chopping Frequency fc Tpo=25°C - 500 - kHz
Oscillator Frequency fosc Tp=25°C - 8 - MHz
OUTPUT CHARACTERISTICS
Propagation Delay Time tod Tpo=25°C,C_ =1nF - 2.2 - us
Rise Time t, Tp=25°C,C_ =1nF - 3 - us
Response Time tRESPONSE To=25°C,C_ =1nF - 3.6 - us
Output Saturation Voltage Vsatiary | Ta” 25°C, Riop = 10 k2 fo GD 31 - _ v
VsarLow) Ta=25°C, R pap = 10 kQ to VCC - - 200 mV
DC Output Resistance Rout R = 4.7 kQ from VOUT to GND, Vgyt = Vcc/2 - <1 - Q
Output Load Resistance Ripuiup | VOUT!o VEC all — — KQ
RipuLLowny | VOUT to GND 4.7 - - kQ
Output Load Capacitance C, VOUT to GND - 1 10 nF
Primary Conductor Resistance RpRIMARY Tp=25°C - 200 - uQ
Quiescent Output Voltage Vour(a) o= OA Ty =25%C — Vecl2 — v
VouT(u) Unidirectional variant, [p = 0 A, T = 25°C - Ve % 0.1 - \
R\:;lg;:;e:rér%:lescent Output Raterrvout(q) | Through supply voltage range (V¢ = 3.3 V) - 0 - %
Ratiometry Sensitivity Error Ratgrrsens Through supply voltage range (Ve = 3.3 V) - <%0.5 - %
Cszj;r:::ir;-nMode Magnetic Field CMFR Magnetic field perpendicular to Hall plates - -35 - dB

i Allegro-

i MicroSystems, LLC
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

X050B PERFORMANCE CHARACTERISTICS ['l: Ty, =-40°C to 150°C, V= 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Primary Sampled Current Ip -50 - 50 A
Sensqy Measured using 50% of full scale Ip, Ty = 25°C 25.5 26.4 27.258 | mV/A
Sensitivity [2] Sensrop)t | Measured using 50% of full scale Ip, Top = 25°C to 150°C 25542 | 26.4 27.258 | mV/A
Sensropy7 | Measured using 50% of full scale lp, Top = —40°C to 25°C 25.41 26.4 27.39 mV/A
Vnoisepp | Peak-to-peak, Ty=25°C, 1 nF on VOUT pin to GND - 36 - mV
Noisef InoISE Input referred - 0.6 - r}l}?ﬁ"z")s
Nonlinearity E N Measured using £32 Aand £16 A -1 - 1 %
Vor(Ta) Ib=0A Ty=25°C -10 +3 10 mV
Electrical Offset Voltage I8! | Vogqopyr | Ip = 0A, Top = 25°C to 150°C -10 15 10 mV
Voeopytr | Ip=0A, Top = —40°C to 25°C -20 +10 20 mV
Ele_zctr_ic Offset Voltage Over AV Top = —4Q°C to 1_50°C, estimated shift after AEC-Q100 grade 0 _ +1 _ mv
Lifetime [6] OE(LIFE) | qualification testing
Erorr) | Measured using 50% of full scale Ip, Top = 25°C to 150°C -3.25 +0.8 3.25 %
Total Output Error
Erorwn Measured using 50% of full scale Ip, Top = —40°C to 25°C -3.75 +1.5 3.75 %
Total Output Error Including | EtormtLirg) | Measured using 50% of full scale Ip, Top = 25°C to 150°C -4.1 +2.28 4.1 %
Lifetime Drift[7] Erorwrire) | Measured using 50% of full scale I, Top = —40°C to 25°C 56 | +2.98 56 %

[l See Characteristic Performance Data page for parameter distributions over temperature range.

[21 This parameter may drift a maximum of ASens ¢ over lifetime.

3143 sigma noise voltage.

1 Drift is referred to ideal Voyr(qgyy = 1.65 V.

Bl This parameter may drift a maximum of AV g rg) over lifetime.

61 Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits, including Package Hysteresis. Cannot be guaranteed.
Drift is a function of customer application conditions. Contact Allegro MicroSystems for further information.

[71The maximum drift of any single device during qualification testing was 4%.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

X050U PERFORMANCE CHARACTERISTICS ['I: T,,=-40°C to 150°C, V.= 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Primary Sampled Current Ip 0 - 50 A
Senstp Measured using 50% of full scale Ip, Ty = 25°C 38.3 39.6 40.887 mV/A
Sensitivity [2] Sensropyut | Measured using 50% of full scale Ip, Top = 25°C to 150°C 38.313 | 39.6 40.887 | mV/A
Sens(top)r | Measured using 50% of full scale Ip, Top = —40°C to 25°C 38.115 | 39.6 41.085 | mV/A
VNoisepp | Peak-to-peak, Tp=25°C, 1 nF on VOUT pin to GND - 35.6 - mV
Noise ™ InoISE Input referred - 0.6 - %p(ﬁ“z")s
Nonlinearity ELn Measured using 32 Aand 16 A -1 - 1 %
VoE(Ta) Ib=0A Ty=25°C -10 +3 10 mV
Electrical Offset Voltage ISl | Vogropyur | Ip = 0 A, Top = 25°C to 150°C -10 15 10 mV
Vogmopr | Ip=0A, Top = —40°C to 25°C -20 +10 20 mV
Ele_ctr_ic Offset Voltage Over AV Top = —4Q°C to 1_50°C, estimated shift after AEC-Q100 grade 0 _ +1 _ mv
Lifetime (6] OE(LIFE) | qualification testing
ErorHm Measured using 50% of full scale Ip, Top = 25°C to 150°C -3.25 0.8 3.25 %
Total Output Error
Erorn Measured using 50% of full scale Ip, Top = —40°C to 25°C -3.75 1.5 3.75 %
Total Output Error Including | EtotHrure) | Measured using 50% of full scale Ip, Top = 25°C to 150°C -4.1 +2.28 4.1 %
Lifetime Drift[7] Evorwrure) | Measured using 50% of full scale Ip, Top = —40°C to 25°C 56 | +2.98 5.6 %

[1 See Characteristic Performance Data page for parameter distributions over temperature range.

121 This parameter may drift a maximum of ASens g over lifetime.

[31£3 sigma noise voltage.

[4] Drift is referred to ideal VOUT(QU) 0.33 V.

B This parameter may drift a maximum of AVog( g, over lifetime.

6] Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits, including Package Hysteresis. Cannot be guaranteed.
Drift is a function of customer application conditions. Contact Allegro MicroSystems for further information.

71 The maximum drift of any single device during qualification testing was 4%.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

X100B PERFORMANCE CHARACTERISTICS ['l: Ty, =-40°C to 150°C, V= 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Primary Sampled Current Ip -100 - 100 A
Senstp Measured using 33% of full scale Ip, Ty = 25°C 12.8 13.2 13.629 mV/A
Sensitivity [2] Sensropyut | Measured using 33% of full scale Ip, Top = 25°C to 150°C 12771 | 13.2 13.629 | mV/A
Sens(top).r | Measured using 33% of full scale Ip, Top =—-40°C to 25°C 12,705 | 13.2 13.695 | mV/A
VNoisepp | Peak-to-peak, Tpy= 25°C, 1 nF on VOUT pin to GND - 18 - mV
Noise InoISE Input referred - 0.6 - T\/'?ﬁ"é')s
Nonlinearity Eun Measured using #36 Aand 18 A -1 - 1 %
VoE(Ta) Ib=0A Ty=25°C -10 +3 10 mV
Electrical Offset Voltage “I®1 | Vogropur | Ip = 0 A, Top = 25°C to 150°C -10 15 10 mV
Vogmopr | Ip=0A, Top = —40°C to 25°C -20 +10 20 mV
EIe_ctr_ic Offset Voltage Over AV Top = —4Q°C to 1_50°C, estimated shift after AEC-Q100 grade 0 _ +1 _ mv
Lifetime [6] OE(LIFE) | qualification testing
ErorHm Measured using 33% of full scale Ip, Top = 25°C to 150°C -3.25 +0.8 3.25 %
Total Output Error
Erorn) Measured using 33% of full scale Ip, Top = —40°C to 25°C -3.75 1.5 3.75 %
Total Output Error Including | Etotmure) | Measured using 33% of full scale Ip, Top = 25°C to 150°C -4.1 +2.28 4.1 %
Lifetime Drift[7] Erorwrure) | Measured using 33% of full scale I, Top = —40°C to 25°C 56 | +2.98 5.6 %

[l See Characteristic Performance Data page for parameter distributions over temperature range.

[21 This parameter may drift a maximum of ASens ¢ over lifetime.

[31+3 sigma noise voltage.

] Drift is referred to ideal Voyr(qgiy = 1.65 V.

Bl This parameter may drift a maximum of AVogrg) over lifetime.

61 Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits, including Package Hysteresis. Cannot be guaranteed.
Drift is a function of customer application conditions. Contact Allegro MicroSystems for further information.

[71The maximum drift of any single device during qualification testing was 4%.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

X100U PERFORMANCE CHARACTERISTICS ['l: Ty, =-40°C to 150°C, V= 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Primary Sampled Current Ip 0 - 100 A
Sensqy Measured using 33% of full scale Ip, Ty =25°C 25.5 26.4 27.258 | mV/A
Sensitivity [2] Sensrop)ut | Measured using 33% of full scale Ip, Top = 25°C to 150°C 25542 | 26.4 27.258 | mV/A
Sensropy7 | Measured using 33% of full scale Ip, Top = —-40°C to 25°C 25.41 26.4 27.39 mV/A
Vnoisepp | Peak-to-peak, Tp= 25°C, 1 nF on VOUT pin to GND - 36 - mV
Noisef InoISE Input referred - 0.6 - T\/'?ﬁ"é')s
Nonlinearity Ein Measured using 36 Aand 18 A -1 - 1 %
Vor(Ta) Ipb=0A Ty=25°C -10 +3 10 mV
Electrical Offset Voltage I8! | Vogropyur | Ip = 0A, Top = 25°C to 150°C -10 15 10 mV
Voeopr | Ip=0A, Top = —40°C to 25°C -20 +10 20 mV
Ele_zctr_ic Offset Voltage Over AV Top = —4Q°C to 1_50°C, estimated shift after AEC-Q100 grade 0 _ +1 _ mv
Lifetime [6] OE(LIFE) | qualification testing
Erorur) | Measured using 33% of full scale Ip, Top = 25°C to 150°C -3.25 0.8 3.25 %
Total Output Error
Erorwn Measured using 33% of full scale Ip, Top = —40°C to 25°C -3.75 1.5 3.75 %
Total Output Error Including | Etotrure) | Measured using 33% of full scale Ip, Top = 25°C to 150°C -4.1 +2.28 4.1 %
Lifetime Drift[7] Erorurire) | Measured using 33% of full scale Ip, Top = —40°C to 25°C 56 | +2.98 5.6 %

[l See Characteristic Performance Data page for parameter distributions over temperature range.

[21 This parameter may drift a maximum of ASens ¢ over lifetime.

3143 sigma noise voltage.

] Drift is referred to ideal Voyr(qu) = 0.33 V.

Bl This parameter may drift a maximum of AV g rg) Over lifetime.

61 Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits, including Package Hysteresis. Cannot be guaranteed.
Drift is a function of customer application conditions. Contact Allegro MicroSystems for further information.

[71The maximum drift of any single device during qualification testing was 4%.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

X150B PERFORMANCE CHARACTERISTICS ['l: Ty, =-40°C to 125°C, V= 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Transient -150 - 150 A
Primary Sampled Current Ip -
Continuous -100 - 100 A
Sensty Measured using 25% of full scale Ip, Ty = 25°C 8.5 8.8 9.08 mV/A
Sensitivity [2] Sensropyut | Measured using 25% of full scale Ip, Top = 25°C to 125°C 8.51 8.8 9.08 mV/A
Sensopyr | Measured using 25% of full scale Ip, Top = —40°C to 25°C 8.47 8.8 9.13 mV/A
Vinoisepe | Peak-to-peak, To=25°C, 1 nF on VOUT pin to GND - 12 - mV
Noise (3] MARrms
INOISE Input referred - 0.6 - N(Hz)
Nonlinearity = Measured using +38 Aand 19 A -1 - 1 %
VOE(TA) Ip =0 A, TA =25°C -10 +3 10 mV
Electrical Offset Voltage I8! | Vogropyr | Ip = 0A, Top = 25°C to 125°C -10 15 10 mV
VOE(TOP)LT Ip =0 A, TOP =-40°C to 25°C -20 +10 20 mV
Electric Offset Voltage Over AV Top = —40°C to 125°C, estimated shift after AEC-Q100 grade 0 _ +1 _ my
Lifetime [6] OE(LIFE) | qualification testing
ErorHm Measured using 25% of full scale Ip, Top = 25°C to 125°C -3.25 0.8 3.25 %
Total Output Error -
Erorwn Measured using 25% of full scale lp, Top = —40°C to 25°C -3.75 1.5 3.75 %
Total Output Error Including | EtotntLire) | Measured using 25% of full scale Ip, Top = 25°C to 125°C —4.1 +2.28 4.1 %
Lifetime Drift[7] Erorarire) | Measured using 25% of full scale Ip, Top = —40°C to 25°C 56 | +2.98 5.6 %

11 See Characteristic Performance Data page for parameter distributions over temperature range.

[21 This parameter may drift a maximum of ASens rg over lifetime.

[31+3 sigma noise voltage.

1 Drift is referred to ideal Voyr(qgi) = 1.65 V.

Bl This parameter may drift a maximum of AV g g, over lifetime.

6] Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits, including Package Hysteresis. Cannot be guaranteed.
Drift is a function of customer application conditions. Contact Allegro MicroSystems for further information.

[71The maximum drift of any single device during qualification testing was 4%.
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ACS781xLR

High-Precision Linear Hall-Effect-Based
Current Sensor IC With 200 uQ2 Current Conductor

X150U PERFORMANCE CHARACTERISTICS ['l: Ty, =-40°C to 125°C, V= 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Transient 0 - 150 A
Primary Sampled Current Ip -
Continuous 0 - 100 A
Senstp Measured using 25% of full scale Ip, Ty = 25°C 17.0 17.6 18.17 mV/A
Sensitivity [2] Senstopyyt | Measured using 25% of full scale Ip, Top = 25°C to 125°C 17.02 17.6 18.17 mV/A
Sensopy.r | Measured using 25% of full scale Ip, Top = —40°C to 25°C 16.94 17.6 18.26 mV/A
Vioisepp | Peak-to-peak, Ty=25°C, 1 nF on VOUT pin to GND - 24 - mV
Noise (3] MARMs
INOISE Input referred - 0.6 - A(Hz)
Nonlinearity Eln Measured using 38 Aand 19 A -1 - 1 %
VOE(TA) Ip =0 A, TA =25°C -10 +3 10 mV
Electrical Offset Voltage I8! | Vogqopyur | Ip = 0A, Top = 25°C to 125°C -10 15 10 mV
VOE(TOP)LT Ip =0 A, TOP = —40°C to 25°C -20 +10 20 mV
Electric Offset Voltage Over AV Top = —40°C to 125°C, estimated shift after AEC-Q100 grade 0 _ +1 _ mv
Lifetime (6] OE(LIFE) | qualification testing -
ErorHm Measured using 25% of full scale Ip, Top = 25°C to 125°C -3.25 0.8 3.25 %
Total Output Error -
Erorwn) Measured using 25% of full scale lp, Top = -40°C to 25°C -3.75 +1.5 3.75 %
Total Output Error Including | EtotLirg) | Measured using 25% of full scale Ip, Top = 25°C to 125°C —4.1 +2.28 4.1 %
Lifetime Drift[7] Eroruriire) | Measured using 25% of full scale Ip, Top = —40°C to 25°C 56 | +2.98 5.6 %

11 See Characteristic Performance Data page for parameter distributions over temperature range.
[21 This parameter may drift a maximum of ASens rg over lifetime.

13143 sigma noise voltage.

1 Drift is referred to ideal Voyr(qu) = 0.33 V.
Bl This parameter may drift a maximum of AV g g, over lifetime.
[6] Based on characterization data obtained during standardized stress test for Qualification of Integrated Circuits, including Package Hysteresis. Cannot be guaranteed. Drift

is a function of customer application conditions. Contact Allegro MicroSystems for further information.
[71The maximum drift of any single device during qualification testing was 4%.
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

CHARACTERISTIC PERFORMANCE DATA
DATA TAKEN USING THE ACS781KLR-150B

Response Time (tresponsk)
Ip =90 A with 10-90% rise time = 1 ps, Cgyppass = 0.1 uF, CL =1 nF
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

Propagation Delay (tpp)
I, = 90 A with 10% - 90% rise time = 1 ps, Cgypass = 0.1 uF, C_ =1 nF
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

CHARACTERISTIC PERFORMANCE
ACS781 TYPICAL FREQUENCY RESPONSE

Magnitude [dB]
3

'15 i i A | i i A | i i A | i i I |
10" 102 103 104 10°
Frequency [Hz]
50 T 4 L] 4 T T T i L | 4 T LR |
0 — -
§ 50 -
2
£ 100 [ -
4150 N
il i i I T S A | i i TR AR R R T | i i I R S T |
10" 102 103 104 10°
Frequency [Hz]

pri L Allegro MicroSystems, LLC 14
lle 115 Northeast Cutoff
L] Worcester, Massachusetts 01615-0036 U.S.A.

[ 1]
= - ' M\croSyslems LLC 1.508.853.5000; www.allegromicro.com



ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uf2 Current Conductor

CHARACTERISTIC DEFINITIONS

Definitions of Accuracy Characteristics
SENSITIVITY (Sens)

The change in device output in response to a 1 A change through
the primary conductor. The sensitivity is the product of the mag-
netic circuit sensitivity (G/A) and the linear IC amplifier gain
(mV/G). The linear IC amplifier gain is programmed at the factory
to optimize the sensitivity (mV/A) for the half-scale current of the
device.

NOISE (Vyoise)

The noise floor is derived from the thermal and shot noise
observed in Hall elements. Dividing the noise (mV) by the sensi-
tivity (mV/A) provides the smallest current that the device is able
to resolve.

NONLINEARITY (E, )

The ACS781xLR is designed to provide a linear output in
response to a ramping current. Consider two current levels: 11
and 12. Ideally, the sensitivity of a device is the same for both
currents, for a given supply voltage and temperature. Nonlinear-
ity is present when there is a difference between the sensitivities
measured at I1 and I12. Nonlinearity is calculated separately for
the positive (Ey jpos ) and negative (Ey jyeq ) applied currents as
follows:

Ef inpos = 100 (%) * {1 — (Sens;pgs, / Sensipog;) }

El iNneg = 100 (%) % {1 — (Sensi\gg, / Senspyggi )}

where:

Sensy, = (Vioutax) — Viour)/ Ix

and Ipog, and Iygg, are positive and negative currents.

Then:
Ep v = max( By inpos » Erivneg )

RATIOMETRY

The device features a ratiometric output. This means that the
quiescent voltage output, Vg, and the magnetic sensitivity,
Sens, are proportional to the supply voltage, Vc.The ratiometric
change (%) in the quiescent voltage output is defined as:

Vout@uvee / Vout@Qeav)
x 100%

RatgrrvouT(Q) = (1 - 1% / 33V
cc /3.

and the ratiometric change (%) in sensitivity is defined as:

Sens(y ) / Sens 3 3v)
Ratgrrsens = | 1- x 100%

Vee / 33V
QUIESCENT OUTPUT VOLTAGE (Voyr(q))

The output of the device when the primary current is zero. For
bidirectional sensors, it nominally remains at V/2 and for
unidirectional sensors at 0.1 X V. Thus, Vo =3.3 V trans-
lates into Voyrgry = 1.65 V and Vyrquy = 0.33 V. Variation in
Vour() can be attributed to the resolution of the Allegro linear
IC quiescent voltage trim and thermal drift.

ELECTRICAL OFFSET VOLTAGE (Vgg)

The deviation of the device output from its ideal quiescent value
due to nonmagnetic causes.

TOTAL OUTPUT ERROR (Eto7)

The maximum deviation of the actual output from its ideal value,
also referred to as accuracy, illustrated graphically in the output
voltage versus current chart on the following page.

Etor is divided into four areas:

e 0 A at 25°C. Accuracy at the zero current flow at 25°C,
without the effects of temperature.

* 0 A over A temperature. Accuracy at the zero current flow
including temperature effects.

* Full-scale current at 25°C. Accuracy at the full-scale current at
25°C, without the effects of temperature.

* Full-scale current over A temperature. Accuracy at the full-
scale current flow including temperature effects.

VIOUT(IP) - VIOUT_IDEAL(IP)
Sens[DEAL X Ip

Etorar) = x 100 (%)
where

VIOUTfIDEAL(IP) = VIOUT(Q)+ (Sensippar * Ip)
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ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uf2 Current Conductor

DEFINITIONS OF DYNAMIC RESPONSE CHARACTERISTICS

POWER-ON TIME (tpo)

When the supply is ramped to its operating voltage, the device
requires a finite time to power its internal components before
responding to an input magnetic field.

Power-On Time, tpq, is defined as the time it takes for the output
voltage to settle within £10% of its steady state value under an
applied magnetic field, after the power supply has reached its
minimum specified operating voltage, Vc(min), as shown in the
chart at right.

RISE TIME (t,)
The time interval between a) when the device reaches 10% of its

full scale value, and b) when it reaches 90% of its full scale value.

Both t, and trpgponsg are detrimentally affected by eddy current
losses observed in the conductive IC ground plane.

RESPONSE TIME (tresponsg)

The time interval between a) when the applied current reaches
80% of its final value, and b) when the sensor reaches 80% of its
output corresponding to the applied current.

PROPAGATION DELAY (tpp)

The time interval between a) when the input current reaches 20%
of'its final value, and b) when the output reaches 20% of its final

value.

POWER-ON RESET VOLTAGE (Vpgor )

At power-up, to initialize to a known state and avoid current
spikes, the sensor is held in Reset state. The Reset signal is
disabled when V¢ reaches Vpory and time tporp has elapsed,
allowing output voltage to go from a high-impedance state

into normal operation. During power-down, the Reset signal is
enabled when V¢ reaches Vpgg , causing output voltage to go
into a high-impedance state. (Note that a detailed description of
POR operation can be found in the Functional Description sec-

tion.)

vV
V
VeeltyP.)— 4 — — 8 oo
] V,
I ouT
90% VOUT* _ Jj; J— N
H
{
'l
/
Vee(ming) — —
i tro
s t
|
," ;= time at which power supply reaches
! minimum specified operating voltage
)
;’ t,= time at which output voltage settles
! within £10% of its steady state value
! under an applied magnetic field
0 +
Power-On Time (tpg)
(%) 4 /— Primary Current
WE——F————
Vout
/
l/ Rise Time, t,
/
20
10 tH—
0 >
- Propagation Delay, tprop t

Propagation Delay (tpp) and Rise Time (t,)

/— Primary Current
I A 7
/ Vout
/
/
l/ Response Time, tRESPONSE
/
/
/
t

Response Time (tresponsk)
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High-Precision Linear Hall-Effect-Based
ACS781xLR Current Sensor IC With 200 uQ2 Current Conductor

POWER-ON RESET RELEASE TIME (tporr) pocurac
Increasing V,q(V) ver ATemp erature
When V¢ rises to Vporyy, the Power-On Reset Counter starts. k—L

The sensor output voltage will transition from a high-impedance 5y
state to normal operation only when the Power-On Reset Counter Average

Viour
has reached tporg.

Accuracy
Over ATemp erature ’t

Accuracy.
25°C Only

Ip(min)

Half Scale
Ip(max)

0A

Decreasing V,q,;(V)

Accuracy
25°C Only

Accuracy
Over ATemp erature

Output Voltage versus Sampled Current
Total Output Error at 0 A and at Full-Scale Current
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ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uf2 Current Conductor

FUNCTIONAL DESCRIPTION

Power-On Reset (POR)

The descriptions in this section assume: temperature = 25°C, no
output load (R;, C; ), and [, =0 A.

* Power-Up. At power-up, as V¢ ramps up, the output is in a
high-impedance state. When V¢ crosses Vporyy (location [1]
in Figure 1 and [1°] in Figure 2), the POR Release counter

starts counting for tporpc [2], [27]. At this point, the EEPROM

content will be loaded in volatile memory after tgg; oap
[31,[3°] and the output will go to V/ 2 after tporp [4], [47].
The temperature compensation engine will then adjust the

EEPROM Error Checking And Correction

Hamming code methodology is implemented for EEPROM
checking and correction. The device has ECC enabled after
power-up. If an uncorrectable error has occurred, the VOUT pin
will go to high impedance and the device will not respond to
applied magnetic field.

device Sensitivity and QVO after time tyc [5], [5’]. V¢ drops
below Vc(min) = 3.0 V. If V¢ drops below Vporyy [67] but
remains higher than Vpgrp [7°] the output will continue to be
Vee /2.

Power-Down. As V ¢ ramps down below Vpgr; [6],[8’], the
output will enter a high-impedance state.
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ACS781xLR

High-Precision Linear Hall-Effect-Based
Current Sensor IC With 200 uf2 Current Conductor
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Figure 1: POR Operation: Slow Rise Time Case
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ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uf2 Current Conductor

Chopper Stabilization Technique

When using Hall-effect technology, a limiting factor for
switchpoint accuracy is the small signal voltage developed across
the Hall element. This voltage is disproportionally small relative
to the offset that can be produced at the output of the Hall sensor
IC. This makes it difficult to process the signal while maintaining
an accurate, reliable output over the specified operating tempera-
ture and voltage ranges.

Chopper stabilization is a unique approach used to minimize

Hall offset on the chip. Allegro employs a technique to remove
key sources of the output drift induced by thermal and mechani-
cal stresses. This offset reduction technique is based on a signal
modulation-demodulation process. The undesired offset signal is
separated from the magnetic field-induced signal in the frequency
domain, through modulation. The subsequent demodulation acts
as a modulation process for the offset, causing the magnetic field-
induced signal to recover its original spectrum at baseband, while
the DC offset becomes a high-frequency signal. The magnetic-

sourced signal then can pass through a low-pass filter, while the
modulated DC offset is suppressed.

In addition to the removal of the thermal and stress-related offset,
this novel technique also reduces the amount of thermal noise

in the Hall sensor IC while completely removing the modulated
residue resulting from the chopper operation. The chopper sta-
bilization technique uses a high-frequency sampling clock. For
demodulation process, a sample-and-hold technique is used. This
high-frequency operation allows a greater sampling rate, which
results in higher accuracy and faster signal-processing capability.
This approach desensitizes the chip to the effects of thermal and
mechanical stresses, and produces devices that have extremely
stable quiescent Hall output voltages and precise recoverabil-

ity after temperature cycling. This technique is made possible
through the use of a BICMOS process, which allows the use of
low-offset, low-noise amplifiers in combination with high-density
logic integration and sample-and-hold circuits.

Regulator
T |
: Clock/Logic

I
Hall Element |

I X

X | A

' I

| Anti-Aliasing  Tuned

LP Filter Filter

Concept of Chopper Stabilization Technique
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ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uf2 Current Conductor

APPLICATION-SPECIFIC INFORMATION

Field from Nearby Current Path

To best use the CMR capabilities of these devices, the circuit
board containing the ICs should be designed to make the external
magnetic fields on both Hall plates equal. This helps to minimize
error due to external fields generated by the current-carrying
PCB traces themselves. There are three main parameters for each
current-carrying trace that determine the error that it will induce
on an IC: distance from the IC, width of the current-carrying
conductor, and the angle between it and the IC. Figure 3 shows
an example of a current-carrying conductor routed near an IC.
The distance between the device and the conductor, d, is the
distance from the device center to the center of the conductor.
The width of the current path is w. The angle between the device
and the current path, 6, is defined as the angle between a straight
line connecting the two Hall plates and a line perpendicular to the
current path.

]

Figure 3: ACS781 with nearby current path, viewed
from the bottom of the sensor

When it is not possible to keep 0 close to 90°, the next best
option is to keep the distance from the current path to the current
sensor IC, d, as large as possible. Assuming that the current path
is at the worst-case angle in relation to the IC, 8 = 0° or 180°, the
equation:

2x] 1 1
Error = X -
Cf H vaace

d— —P xcos® d+
2

X cosO

where H, . is the distance between the two Hall plates and Cfis
the coupling factor of the IC. This coupling factor varies between
the different ICs. The ACS781 has a coupling factor of 5 to 5.5
G/A, whereas other Allegro ICs can range from 10 to 15 G/A.

Other Layout Practices to Consider

When laying out a board that contains an Allegro current sensor
IC with CMR, the direction and proximity of all current-carrying
paths are important, but they are not the only factors to consider
when optimizing IC performance. Other sources of stray fields
that can contribute to system error include traces that connect to
the IC’s integrated current conductor, as well as the position of
nearby permanent magnets.

The way that the circuit board connects to a current sensor IC
must be planned with care. Common mistakes that can impact
performance are:

« The angle of approach of the current path to the I, pins
» Extending the current trace too far beneath the IC

THE ANGLE OF APPROACH

One common mistake when using an Allegro current sensor IC is
to bring the current in from an undesirable angle. Figure 4 shows
an example of the approach of the current traces to the IC (in this
case, the ACS781). In this figure, traces are shown for I+ and
Ip— The light green region is the desired area of approach for the
current trace going to Ip+. This region is from 0° to 85°. This rule
applies likewise for the Ip— trace.

The limitation of this region is to prevent the current-carrying
trace from contributing any stray field that can cause error on
the IC output. When the current traces connected to I are outside
this region, they must be treated as discussed above (Field from a
Nearby Current Path).

Allegro MicroSystems, LLC 21
115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



ACS781xLR

High-Precision Linear Hall-Effect-Based

Current Sensor IC With 200 uQ2 Current Conductor

Figure 4: ACS781 Current Trace Approach — the desired
range of the angle 8 is from 0° to 85°

ENCROACHMENT UNDER THE IC

In the LR package, the encroachment of the current-carrying
trace under the device actually changes the path of the current
flowing through the I bus. This can cause a change in the cou-
pling factor of the I, bus to the IC and can significantly reduce
device performance. Using ANSYS Maxwell Electromagnetic
Suites, the current density and magnetic field generated from the
current flow were simulated. In Figure 5, there are results from
two different simulations. The first is the case where the current
trace leading up to the Ip bus terminates at the desired point. The
second case is where the current trace encroaches far up the Ip
bus. The red arrows in both simulations represent the areas of
high current density. In the simulation with no excess overlap, the
red areas, and hence the current density, are very different from
the simulation with the excess overlap. It was also observed that
the field on H1 was larger when there was no excess overlap.
This can be observed by the darker shade of blue.

e

=
i

Figure 5: Simulations of ACS781 Leadframe with Differ-
ent Overlap of the Current Trace and the Ip Bus

)
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